We report on the detection of two O vi absorbers at z = 0.41614 and 0.41950 (separated in velocity by |∆v| = 710 km s −1 ) towards SBS 0957 + 599. Both absorbers are multiphase systems tracing substantial reservoirs of warm baryons. The low and intermediate ionization metals in the z = 0.41614 absorber are consistent with an origin in photoionized gas. The O vi has a velocity structure different from other metal species. The Lyα shows the presence of a broad feature. The line widths for O vi and the broad-Lyα suggest T = 7.1 × 10 5 K. This warm medium is probing a baryonic column which is an order of magnitude more than the total hydrogen in the cooler photoionized gas. The second absorber is detected only in H i and O vi. Here the temperature of 4.6 × 10 4 K supports O vi originating in a low-density photoionized gas. A broad component is seen in the Lyα, offset from the O vi. The temperature in the broad-Lyα is T 2.1×10 5 K. The absorbers reside in a galaxy overdensity region with 7 spectroscopically identified galaxies within ∼ 10 Mpc and ∆v ∼ 1000 km s −1 of the z = 0.41614 absorber, and 2 galaxies inside a similar separation from the z = 0.41950 absorber. The distribution of galaxies relative to the absorbers suggest that the line of sight could be intercepting a large-scale filament connecting galaxy groups, or the extended halo of a sub-L * galaxy. Though kinematically proximate, the two absorbers reaffirm the diversity in the physical conditions of low redshift O vi systems and the galactic environments they inhabit.
INTRODUCTION
The detection of circumgalactic and intergalactic warmhot ionized plasma at low-z (z 0.5) holds great significance. Models of how galaxies, clusters and structures of larger scales form, make clear predictions that up to ∼ 50% of the baryons in the present universe reside in a highly ionized state outside of the stellar environments of galaxies with temperatures in the range of T ∼ 10 5 − 10 7 K ⋆ E-mail:sachinpc@live.com † Email: anand@iist.ac.in (Cen & Ostriker 1999; Davé et al. 2001; Valageas et al. 2002; Smith et al. 2011; Cen 2013) . The diffuse nature of this gas with densities of n H 10 −5 cm −3 has precluded its detection via emission in X-rays with the current generation of X-ray detectors.
Currently, the proven method to trace the baryons in this ionized plasma is to search for their absorption against the spectrum of background quasars. Due to the high temperature of the plasma, the diagnostics commonly Narayanan et al. 2009 Narayanan et al. , 2012 . Compared to Ne viii and Mg x, O vi is more ubiquitous because of oxygen's high cosmic abundance. The ion is easily detected even at low S/N through its strong 1032, 1038Å doublet transitions. Ultraviolet surveys have therefore relied a great deal on O vi as probes to locate undetected large baryonic reservoirs with N (H) ∼ 10 20 cm −2 at low-z Danforth & Shull 2008; Savage et al. 2014) .
Earlier work, both observational and theoretical, has highlighted ambiguities in determining the origin of O vi. Cool (T 10 4 K) photoionized gas at very low densities (n H ∼ 10 −5 cm −3 ) can produce strong O vi absorption of N (O vi) 10 14 cm −2 (Thom & Chen 2008a,b; Tripp et al. 2008; Prochaska et al. 2011b; Muzahid et al. 2015) . On the other hand, there are instances where O vi seems to be clearly associated with shock-heated warm gas with T ∼ 10 5 − 10 6 K at both low and high redshifts Narayanan et al. 2010a,b; Savage et al. 2011a,b; Muzahid et al. 2012; Savage et al. 2014 ) which harbors a high fraction of the baryons at z < 0.1. In complex multiphase absorbers, the distinction between the two possible scenarios of photoionization and collisional ionization is often blurred.
Predictions from cosmological simulations have also been divided between cold and warm temperatures for the O vi bearing gas (Kang et al. 2005; Smith et al. 2011; Tepper-García et al. 2011; Oppenheimer et al. 2012 ). The differences primarily stem from the cooling calculations implemented in the simulations. As Smith et al. (2011) and Tepper-García et al. (2011) demonstrate, metallicity plays a pivotal role in the temperature of the gas. When chemical abundances are high (Z 0.1Z⊙), excluding the contribution from metals towards the cooling of the plasma can result in a significant overestimation of the temperature.
The emerging picture is one where, rather than representing a single class of absorber, O vi originates in gas with different physical properties and ionization mechanisms. This affects estimates of the O vi absorber population's contribution to the cosmic baryon inventory. As Tripp et al. (2008) point out, the Ω b (Ly α) from Ly α surveys includes the subset of cool photoionized O vi. Thus, a separate estimate of Ω b (O vi) should carefully exclude systems where the O vi comes from photoionized Ly α clouds.
Compared to O vi, the O vii and O viii ions are conclusive tracers of high temperature plasma. It is difficult to produce these ions via photoionization because it requires photon energies exceeding 138 eV and 739 eV respectively. At T 3 × 10 5 K most of the oxygen will be in the O vii state, while at T 2 × 10 6 K it will be in the O viii ionization state through collisional ionizations. The K-shell transitions of these ions occur at X-ray wavelengths. However, the number of X-ray O vii, O viii (and Ne ix) absorption line detections has been limited. Except for the z = 0.03 O vii absorption associated with the Sculptor Wall of galaxies (Buote et al. 2009; Fang et al. 2010) , the robustness of detections of other O vii and O viii at z > 0 have been questioned because of their low significance (Cagnoni et al. 2004; Nicastro et al. 2005; Kaastra et al. 2006) . With the present generation of X-ray spectrographs, it would require integration times of ∼ 100 Ms to detect these ions with sufficient significance at column densities lower than ∼ 10 16 cm −2 , typical of diffuse gas outside of galaxies (Yao et al. 2012 ).
Thus, for the time being, spectroscopic observations in the ultraviolet remain the most efficient means to probe warmhot gas at low-z.
In multi-phase intervening absorbers, crucial insights into the ionization of O vi can come from the presence of metal species like Ne viii which is a more reliable tracer of collisionally ionized gas at T ∼ 7 × 10 5 K. Presently, only 7 intervening O vi -Ne viii absorbers are known (Savage et al. , 2011b Narayanan et al. 2011 Narayanan et al. , 2012 Meiring et al. 2013; Hussain et al. 2015) . The sample size is small because of the difficulty in identifying the weak Ne viii doublets against a continuum with low S/N at far-UV wavelengths. In 6 of 7 cases, the constraints set by Ne viii along with O vi clearly established the presence of warm gas with T ∼ 10 5 −10 6 K (Savage et al. , 2011b Narayanan et al. 2009 Narayanan et al. , 2011 Narayanan et al. , 2012 Meiring et al. 2013) . Hussain et al. (2015) describe the case where the Ne viii-O vi in an absorber is found to be consistent with an origin in a low density (n H ∼ 6 × 10 −6 cm −3 ), metal enriched ( Z⊙) photoionized plasma, with a cloud line of sight thickness of ∼ 186 kpc. But even in that case, collisional ionization emerges as a viable alternative.
The information on H i associated with these high ions is central to carrying out a robust measurement of the abundances and the total baryon content (Richter et al. 2006; Lehner et al. 2007; Danforth et al. 2010 Danforth et al. , 2011 . The predicted temperatures for the warm absorbers are in the range where the bulk of the hydrogen will be collisionally ionized. The very low neutral fraction of H i (N (H i)/N (H) ∼ 10 −6 ) due to ionization from collisions implies that the Ly α absorption from this phase is going to be thermally broadened (b > 40 km s −1 ), and shallow. Finding this broad-Ly α feature (BLA), which is usually has a low contrast with respect to the continuum, requires good S/N . Precise line measurements are a challenge especially in multiphase gas, where the shallow BLA is often kinematically entangled with the narrow and typically saturated H i from the cold T ∼ 10 4 K phase of the absorber. If the BLA is linked in velocity with O vi, it provides a straightforward measurement on the temperature of the gas without having to invoke any underlying modeling assumptions (Savage et al. , 2014 . In these cases, one can use the b-parameters of H i and O vi to separate the turbulent and thermal contributions to the line broadening, and thus determine a relatively reliable temperature.
A complimentary approach towards understanding the origins of O vi absorption has been to investigate the distribution of galaxies at the location of the absorber. Imaging and galaxy spectroscopic surveys have, in several instances, found one or more galaxy counterparts with L 0.1L * within 300 kpc impact parameter of O vi absorbers (Sembach et al. 2004; Stocke et al. 2006; Tripp et al. 2006; Chen & Mulchaey 2009; Prochaska et al. 2011a ). For such low impact parameters, the O vi could be bound to the hot halo of the nearest galaxy. A circumgalactic origin for O vi is also claimed by the more recent COS-Halos survey (Tumlinson et al. 2011a ). This study found a high covering fraction ( 80%) for O vi around star forming galaxies, compared to more quiescent systems. The correlation between star formation rate and the incidence of O vi lends support to the notion that the absorption could be part of a galactic wind driven by correlated supernova events within the galaxy.
Other sets of observations support a slightly different view of the physical locations where O vi bearing gas occurs. From examining the fields of a sample of 20 O vi -BLA absorbers, Stocke et al. (2014) find that they all occur in galaxy overdensity regions, with a range of impact parameters from 77 − 620 kpc to the nearest galaxies, with some warm O vi absorbers well outside the virial radius of the nearest galaxy. The temperatures inferred from the H i -O vi line widths were found to correlate with the group's total luminosity as well as the characteristic velocity dispersion of galaxies within the group. This lead them to suggest that the O vi in their sample may be tracing T ∼ 3 × 10 5 K gas permeating the space between galaxies, rather than gas within the virial radii of individual galaxies. Similar results, suggesting an intergalactic origin for the O vi, have also emerged from earlier investigations of individual sightlines (Narayanan et al. 2010a; Prochaska et al. 2011b ).
In the face of these divergent views, there is merit in scrutinizing individual absorption systems in detail, alongside efforts such as the more recent paper by Savage et al. (2014) that bring out statistical descriptions of O vi absorber populations by surveying a large number of sightlines. Analyzing individual absorbers will help us to describe, with finer detail, the properties of O vi bearing absorbers and the state of diffuse multi-phase gas away from the stellar environments of galaxies.
In this paper, we report on the detection of two O vi absorbers, kinematically proximate to each other, identified in the HST /COS far-UV spectrum of the quasar SBS 0957+ 599. In both absorbers, a BLA is detected, but only in one of them the broad-H i is coincident in velocity with the O vi. The coincidence of the BLA with the O vi allows us to discriminate between a collisional ionization and a photoionization scenario. Whereas, in one of the absorbers, the O vi is tracing T ∼ 7 × 10 5 K gas, in the other the O vi is consistent with cooler T ∼ 4.6 × 10 4 K photoionized gas. In Sec. 2, a description of the spectroscopic data is given. Sec. 3 offers details on both absorbers and the respective line measurements. The ionization mechanisms, absorber physical properties and the chemical abundances are discussed in Secs. 4 & 5. In Sec. 6, we provide information on the galaxies detected near the absorber. The possible origin of both multiphase absorbers are dealt with in Sec. 7, and in Sec. 8 we provide a summary of the significant results.
THE HST/COS DATA
The ultraviolet HST /COS (Green et al. 2012) spectroscopic observations for SBS0957+599 (zem = 0.746) were extracted from the MAST public archive 1 . The quasar was observed as part of the COS program to map the gaseous halos of dwarf galaxies (PI. J Tumlinson, Prop ID 12248) . The data were reduced using the STScI CalCOS (v3.0) pipeline. The observations consists of far-UV spectra obtained with the G130M and G160M gratings for total integration times of 3.3 ks and 5.2 ks respectively. The combined spectrum has a wavelength coverage of 1150 − 1800Å, and a wavelength dependent resolution of R ∼ 15, 000 − 20, 000 which progressively increases towards longer wavelengths. The COS wavelength calibration has residual errors of ∼ 20 km s −1 , which are at the level of a resolution element of the instrument (Savage et al. 2011a; Meiring et al. 2013; Wakker et al. 2015) . Within an exposure, the alignment errors are found to vary with wavelength. To reduce the impact of these wavelength dependent offsets between exposures, we crosscorrelated ISM and IGM lines between different exposures and then fitted a polynomial to the wavelength-dependent offsets. Afterwards, the centroids of the ISM absorption lines were compared to the centroid of the 21-cm emission in the direction of SBS 0957 + 599 in order to determine a final wavelength scale. The full details of this approach are described in the Appendix of Wakker et al. (2015) . The COS spectra obtained from the pipeline are oversampled with 6 pixels per resolution element. For our analysis, we rebinned the coadded spectra to the optimal sampling of 2 pixels per resolution element. The spectrum was normalized to the level of the continuum determined by fitting lower-order polynomials.
THE MULTIPHASE ABSORBERS

The z = 0.41614 Absorber
This absorber is detected at > 3σ significance in a number of hydrogen Lyman series lines, O vi, C iii, N iii, Si iii, and C ii. The continuum normalized line profiles are shown in Figure 1 . The COS spectra also covers Si ii, N ii, S ii, N v, and S vi which yield non-detections. The z = 0.41614 redshift is the optical depth weighted center of the O vi 1032Å line. For H i, O vi, C iii, and Si iii we have obtained line parameters through Voigt profile modeling using the Fitzpatrick & Spitzer (1997) routine. For decomposing the line profiles, the models were convolved with the empirically determined line-spread functions of Kriss (2011) at the observed wavelength of each line. The fit results are shown in Figure 2 and Table 1 .
The hydrogen shows multi-component absorption with at least two kinematically distinct components clearly evident. Using the three component absorption profile of Si iii as a guideline, the H i column densities were obtained by simultaneously fitting the Lyman series lines H i 1216−926Å. The unsaturated higher order Lyman lines provide a unique solution to the H i absorption profile. The total H i column density of ∼ 10 16.5 cm −2 obtained from profile fitting indicates that the absorber is only partially optically thick at the Lyman limit. The derived value is comparable within its errors with the H i column density of ∼ 10 16.3 cm −2 estimated from the optical-depth at the partial Lyman-limit of τLL ∼ 0.3. An accurate measurement of τLL requires modeling the full QSO continuum including the higher order Lyman series lines. Here we have attempted a crude estimation of τLL by defining a flat continuum around the partial Lyman-limit at λ ∼ 1292Å. In addition to the strong absorption in the core, the Ly α line shows a broad and shallow absorption in its red wing over the velocity range [−v, +v The Si iii 1207Å line shows a three component profile coinciding in velocity with the H i. However, we note that the component at ∼ −10 km s −1 can have sub structure to it, which is ambigious at the limited resolution of COS. In the case of C iii, the absorption over the −90 < v < 100 km s −1 interval is saturated. We therefore adopt the velocities of the two central components of Si iii to fit the corresponding C iii feature.
In contrast, the O vi absorption does not show the kinematic complexity seen in H i, C iii, Si iii and N iii. The absorption in either line of the O vi doublet is consistent with a single component. This kinematic difference is suggestive of O vi having a different origin compared to other metal lines. The COS data shows a difference of 7 km s −1 in the velocity centroid of O vi with the nearest component seen in H i, C iii and Si iii. However, this offset is within the 1σ uncertainty of the velocity of the model profile, and the wavelength calibration residuals expected for COS spectra. More consequential for the presence of multi-phase is the difference in the kinematics of the absorption of O vi compared with H i and the other metal lines.
The C ii 904a (λ = 903.9616Å) is blended with absorption from C ii 904b (λ = 903.6235Å). The weaker C ii 1036 profile suggests evidence for multiple components but at low contrast. We note that the feature at v < −70 km s −1 in C ii 1036 is most likely a blend as the corresponding absorption in the stronger C ii 904a is not seen. Our fitting routine is unable to converge on a three component fit to the C ii data. We therefore resort to the apparent optical depth (AOD) technique of Savage & Sembach (1991) to determine the integrated column densities of C ii separately for the velocity intervals of the three components seen in Si iii. The details of the apparent column density measurements and equivalent widths are given in Table 2 . The N iii 990 line also has component structure that cannot be uniquely identified from profile fitting. We use AOD method to determine the apparent column density for N iii as well. There should be no contamination from Si ii 990 line in the N iii 990 line, since the stronger Si ii 1260, 1193, and 1190 lines are nondetections.
Our profile fitting analysis shows that the central two components of C iii and Si iii are saturated. A free-fit to the Si iii line gives a value of log N (Si iii) = 15.17 ± 0.47 and b(Si iii) = 14 ± 8 km s −1 for the strongest component. Assuming a scenario of pure non-thermal line broadening,
component, we obtain a fit to the line profile with a column density that is ∼ 1.4 dex smaller. The strong dependency of Table 1 .
column density on b-parameter implies that the line is in the flat part of the curve of growth. Voigt profile fitting does not yield a unique solution for such saturated lines. The errors returned by the profile fitting routine also do not reflect this uncertainty in column density due to saturation.
If the C iii and Si iii lines are predominantly nonthermally broadened, then from the better constrained b(H i), we can estimate lower limits on the column densities for C iii and Si iii that are 1.10 dex and 1.43 dex lower than the estimated value. Alternatively, if the lines are fully thermally broadened, then b(C iii) ∼ 7 km s and b(Si iii) ∼ 5 km s −1 for the v ∼ −10 km s −1 component. For these very narrow line widths, the Voigt profile models do not suitably fit the data. From this exercise, we conclude that whereas either component of C iii and Si iii could be as broad as the corresponding H i, they cannot be much narrower than what is seen at the resolution of COS. We therefore adopt a log N (Si iii) = 15.17 
The Broad Ly-α Absorption
The Ly α profile shows excess absorption in the velocity range [−v, +v] = [70, 200] km s −1 over the red wing of the core components. A three component fit to the H i series lines produces an acceptable fit to the strong narrow core components, but does not explain the wing in Ly α. To fit this broad feature, we have to introduce a shallow component to the absorption model. By fixing the centroid of this component to the line centroid of O vi, a simultaneous fit to the Ly α and Ly β estimates this fourth component of H i to be a BLA with log N (H i) = 14.02 ± 0.23 dex and b(H i) = 115 ± 7 km s −1 . The fit results are given in Table 1 and the contributions from the four separate components are shown in Figure 3 . Being a shallow feature, the broad component is not discernible in Ly β or any of the higher order 15.14 ± 0.58 10 ± 7 −8
16.63 ± 0.63 20 ± 6
Si iii 1207 −123 ± 3 13.49 ± 0.18 13 ± 5 −67 ± 5 13.60 ± 0.25 9 ± 6 −8 ± 5
15.17 ± 0.47 14 ± 8 0.41950 H i 1216 − 926 −3 ± 3 14.57 ± 0.06 30 ± 4 −72 ± 5 13.48 ± 0.42 58 ± 6 O vi 1032, 1038 0 ± 2 14.15 ± 0.06 14 ± 3
Comments: In the z = 0.41614 absorber, the multi-component structure is clearly discernible for Si iii and H i. The C iii line is saturated and hence we obtain the N and b values by fixing the centroid of two of its components to match Si iii. We found that for the v = −8 km s −1 component, changing the b-parameter by a small amount alters the estimated column density significantly indicating that the line is in the flat part of the curve of growth. We adopt a value of log N (C iii) = 16.63 Lyman series lines. Therefore, including these higher order lines to the simultaneous fit does not change the parameters we extract for the BLA. The profile fitting routine underestimates the uncertainties in the fit parameters for the BLA. The 1σ uncertainty in column density of the core H i components, the uncertainties in their b-parameters and their line centroids as well as the uncertainty in the v of O vi will influence the fit values the BLA can have. To account for these additional sources of uncertainty in the BLA fit results, we fitted profiles to Ly α and Ly β lines simultaneously with the 1σ uncertainty range of values for v, N, and b of the core components.
Combining these deviations from the measured value in quadrature with the statistical uncertainty, we estimate the breadth of the BLA component to be b(H i) = 115 +17 −19 km s −1 . This is the measurement that we adopt for the BLA for the rest of the analysis. In the case of column density, the statistical error from the Voigt profile fit of 0.23 dex dominates the uncertainty. The placement of the continuum could also influence the line measurement. But we find that the continuum is well defined within ∆v ∼ 4000 km s −1 of the Ly α. The large b-value implies a temperature of log T (K) = 5.91 +0.12 −0.16 , if the broadening is purely thermal. The BLA reveals the presence of a considerable warm temperature phase to the absorber.
The z = 0.41950 absorber
The second O vi absorber is offset from the previous system by ∆v = +710 km s −1 . This is a kinematically simple system compared to the z = 0.41614 absorber. Only H i and O vi are detected at this redshift with > 3σ confidence. Figure 4 shows the profile fit on these lines and Table 1 lists the column density measurements from profile fitting. The upper limits on column densities for the other metal ions are given in Table 3 4 K for this gas phase. The broader H i component (BLA) suggests the presence of gas at T = 2.1 × 10 5 K, if the line width is purely thermal. At the velocity of this BLA, no metal line absorption is detected. The BLA feature is not detected in the higher order Lyman lines which is consistent with its shallow profile in Ly α. Comments -C ii 904a (λ = 903.9616Å) & C ii 904b (λ = 903.6235Å) are separated by only ∼ 0.5Å in the observed frame. The C ii 904b at v > 50 km s −1 has significant overlap with C ii 904a. We therefore adopt the measurements done on C ii 1036. The blue end of C ii 1036 is contaminated because there is no corresponding absorption seen in C ii 904b which is expected to be 20% stronger than C ii 1036. The C ii and N iii lines do not show a distinct component structure that can be modeled using Voigt profiles. Hence we have integrated the apparent column density along the velocity interval over which absorption from each component is likely to dominate the contribution from the others. For the lines which are not detected at 3σ, an upper limit is obtained by integrating over the full velocity range where we expect to find the absorption. to develop complete ionization models. We draw only general conclusions about the physical state of the absorber from the photoionization models. The photoionized gas in this absorber is modeled using Cloudy (Ferland et al. 2013, v13.03) . The elemental abundances used are the most recent solar abundances from Grevesse et al. (2010) . We model the ionization in the v ∼ −122, −61, −10 km s −1 components of the absorber separately.
IONIZATION & ABUNDANCES IN THE
It has been pointed out that Haardt & Madau (2012, hereafter HM12 ) ultraviolet background's estimate of the hydrogen ionizing rate at low-z is lower by a factor of ∼ 2 − 5 (Kollmeier et al. 2014; Shull et al. 2015; Wakker et al. 2015) . Khaire & Srianand (2015b, hereafter KS15) show that this discrepancy is resolved by incorporating in the synthesis of the background spectra, the recent measurements of quasar luminosity function (Croom et al. 2009; Palanque-Delabrouille et al. 2013 ) and star formation rate densities (Khaire & Srianand 2015a) . Figure 5 compares the specific intensity of the HM12 background at z = 0.4 with the KS15 model for different escape fractions of Lyman continuum photons. The equilibrium fractions of high ionization species like O vi will be primarily affected by the factor of two increase in the QSO emissivity, whereas the low and intermediate ions will be affected by the enhacement in both galaxy and QSO emissivities. In our photoionization calculations, we use the KS15 ultraviolet background with 4% escape fraction of hydrogen ionizing photons to be consistent with the H i photoionization rate estimates of Kollmeier et al. (2014) .
The photoionization model predictions for the v ∼ −122 km s −1 component are shown in Figure 6 (left panel). This feature appears adequately resolved and has, among the three components, well determined H i, C iii and Si iii column densities that are not much affected by saturation. For the observed column density of log N (H i) = 15.82, the photoionization curves of Figure 6 show the column density predictions for the different ions at various gas densities. The Si abundance in this component is constrained to [Si/H] −0.2, below which Si iii will be underproduced for all densities. For this lower limit on abundance, the observed Si iii and the non-detection of Si ii are explained by the models for n H = (0.4 − 1.3) × 10 −3 cm −3 . A single phase model that is consistent with the observed C iii, N iii and the upper limits on C ii, N ii is possible at n H ∼ 0.8 × 10 . Ionic column density predictions from photoionization equilibrium models for the v = −122 km s −1 (left top and bottom panels), −61 km s −1 (middle panels), −10 km s −1 (right panels) components of the z = 0.41614 absorber. For clarity, ionic column density predictions are split into top and bottom panels for each of the three components. The Cloudy models for each component were generated for the respective H i column densities obtained from profile fitting the Lyman series lines. The bottom axis is hydrogen number density, the top axis is the ionization parameter defined as log U = log nγ − log n H , where nγ is the photon number density at energies greater than 1 Ryd. The ionization is from the extragalactic UV background modeled by Khaire & Srianand (2015b) . The thick portion of the curves, for each ion, mark the 1σ boundary for the observed column density. For C iii and Si iii, the uncertainties in column density are comparitively larger due to significant line saturation. The O vi is plotted here for reference. The difference in the velocity sub-structure of O vi from the rest of the ions suggest a different origin for O vi, which is discussed in Sec 4.2 Khaire & Srianand (2015b) modeling of the ionizing background which incorporates the more recent measurements on the quasar luminosity function and estimates on escape fraction of Lyman continuum photons from young star forming galaxies. The different Khaire & Srianand (2015b) curves are for different escape fractions. The trend seen around the He ii ionizing edge (54.4 eV), where increasing the escape fraction of photons decreases the intensity of He ii ionizing UVB is explained in Khaire & Srianand (2013) . Throughout our photoionization modeling, we use the background with fesc = 4%, which will produce the H i photoionization rate required by Kollmeier et al. (2014) to solve the apparent photon underproduction crisis. as shown in Figure 6 (middle panel). This model also predicts a log N (H) = 18.6, L = 1.6 kpc, and T = 1.1 × 10 4 K, similar to what we obtain for the v ∼ −122 km s −1 component. The uncertainties in the measured column densities contribute a 0.6 dex, 0.4 dex and 0.3 dex uncertainty to the derived abundances of C, N and Si respectively.
For the component at v ∼ −10 km s −1 , the abundances for C and Si can be derived using C ii and Si iii, but with significant uncertainities of ∼ 0.5 dex coming from the statistical uncertainty in the corresponding H i column density. At [Si/H] = −0.2, Si iii is explained for n H = (0.3 − 2) × 10 −3 cm possibility that the O vi ion is tracing this photoionized gas. The O vi prediction for n H ∼ 0.4 × 10 −3 cm −3 of the photoionized gas phase is ∼ 0.8 dex lower than the observed value even for solar [O/H]. Furthermore, the O vi from photoionization has a steeply declining dependency with log n H (e.g., see Figure 6 ). This means that for sub-solar oxygen relative abundances, the O vi contribution from this photoionized phase will also come down significantly. The O vi clearly favors an origin in a separate gas phase, which we discuss next.
The Origin of O vi Absorption
The differences between the component structure of O vi when compared to the low, intermediate metal species and the core H i absorption provide the strongest indication that the O vi could be from a phase other than the T ∼ 10 4 K photoionized gas. The O vi is consistent with having the same origin as the BLA discussed in Sec 3.1.1. The temperature of this gas phase follows from the large line . Whereas for the O vi, the thermal and non-thermal contributions to line broadening are almost equal, for the BLA, 94% of the line broadening is due to the high temperature of the gas. At these high temperatures, the ionization will be dominated by collisions. Figure 7 shows Gnat & Sternberg (2007) collisional ionization equilibrium (CIE) model predictions for O vi at various kinetic temperatures. The column density of H i in these models is the BLA column density of log N (H i) = 14.02. For the CIE models to match the observed O vi at T = 7.1 × 10 5 K, the oxygen abundance has to be [O/H] = −0.3 ± 0.2 dex. For higher metallicity, O vi is overproduced for this equilibrium temperature, and for lower metallicity it is underproduced. However, as we describe in the next paragraph, models that simultaneously consider photoionization and collisional ionization scenarios favor lower oxygen abundance considering realistic values for the size of the warm gas.
At T = 7.1 × 10 5 K, the CIE conditions predict a very low neutral hydrogen ionization fraction of f (H i) = N (H i)/N (H) = 3.7 × 10 −7 . This suggests a total hydrogen column density of N (H) = 2.8×10 20 cm −2 , which is a factor of ∼ 10 more than the total hydrogen column density in the cooler photoionized gas. At T > 3 × 10 5 K, the recombination and cooling rates are comparable, with no differences between the equilibrium and non-equilibrium collisional ionization fraction predictions for metals (Sutherland & Dopita 1993) . The large baryon content in the O vi gas phase, compared to the strongly absorbing neutral gas, supports the view held by Fox et al. (2013) and Lehner et al. (2013) that a proper accounting of the warm O vi phase can double the contribution of such partial/Lyman limit systems (log N (H i) ∼ 16.1 − 16.7 dex) towards the cosmic baryon budget.
Even when the ionization in the gas is dominated by collisions, the presence of extragalactic background photons cannot be overlooked. By including the UV ionizing background while keeping the temperature of the gas fixed to T = 7.1 × 10 5 K in Cloudy, we generated hybrid models that simultaneously allow for collisional and photoionization reactions. The hybrid models show that for n H 10 −5 cm −3 , the ionization fractions of the various elements are predominantly controlled by collisions. Above that limit, the O vi ionization fraction shows only a weak dependency on density. For densities below this limit, photoionization begins to alter the ion fractions from the pure collisional predictions. At n H ∼ 10 −5 cm −3 , the hybrid models require a thickness of ∼ 4 Mpc for the absorber, an exceedingly large value which is difficult to reconcile with the kinematically simple, single component absorption profile of O vi and the BLA. Moreover, absorption over a path length of 4 Mpc would result in a line broadening of ∼ 280 km s −1 if the absorber is not decoupled from the Hubble flow, which is inconsistent with the measured width of the lines. Thus, very low densities of n H 10 −5 cm −3 for the BLA -O vi gas phase can be ruled out. The premise that the absorbing cloud should have a realistic size serves as a constraint on the [O/H] in the hybrid model. For [O/H] −0.6 dex, the observed N (O vi) is produced for n H 3 × 10 −4 cm −3 corresponding to N (H) 2.5 × 10 20 cm −2 and L 260 kpc. The 1σ range for the temperature of this warm gas and the associated BLA H i column density, result in an uncertainty in the oxygen abundance of ∼ 0.2 dex. But the conclusion from CIE, that the BLA -O vi phase possesses a factor of ∼ 10 more baryons than the moderately ionized gas, is valid for the hybrid ionization scenario as well.
We note that the Ne viii from the collisionally ionized warm gas will be stronger than O vi at the predicted temperature of T = 7.1 × 10
The absorber could have been a candidate for Ne viii detection, but the incidence of a Lyman limit absorber at z = 0.31 leaves little flux at λ < 1200Å. The properties of the warm gas, nevertheless, are consistent with the general physical state of Ne viii absorbers given by both observations and simulations (Tepper-García et al. 2013). −0.2 × 10 4 K, measured by the narrow H i and O vi line widths is consistent with temperature of the gas being driven by photoionization. At these temperatures, electron impacts will not contribute significantly to the ionization of H i or metals and hence collisional ionization can be neglected. Figure 8 shows the photoionization models for the narrow H i -O vi cloud when irradiated by the KS15 ionizing spectrum. The observed N (O vi) allows us to impose a lower limit on the oxygen abundance. For [O/H] −1.3 dex, O vi is underproduced for all densities. The photoionization models shown in Figure 8 are for a metallicity equal to this lower limit for oxygen. At that limiting abundance, the required O vi is produced for n H = 7.9 × 10 −6 cm −3 . Such low densities would result in large path lengths of L = 2.5 Mpc. Over a megaparsec scale it is common to expect discrete velocity and ionization substructures in the absorbing cloud. Given the simple Gaussian like optical depth profile of O vi and the narrow H i, it is unlikely that the absorption is happening across such vast length scales. If the absorption is from a structure that has not decoupled from the Hubble flow, then we expect a line broadening due to Hubble expansion of The ionization and physical conditions in the v ∼ −72 km s −1 cloud is less precisely determined given the absence of any metal lines to go with the broad H i. Photoionization models for the estimated column density of log[N (H i)] = 13.48 show that abundances [X/H] 0 and densities of n H < 5 × 10 −5 cm −3 satisfy the upper limits on the metal ion column densities. The model predicted gas temperature of T = 2 × 10 4 K would imply that ∼ 70% of the H i line width is due to non-thermal broadening. Alternatively, if b(H i) = 58 ± 6 km s −1 is purely due to thermal broadening, the corresponding temperature will be in the range T = (1.7 − 2.5) × 10 5 K. Contributions from turbulence in the gas, along with Hubble broadening (b Hubble < 30 km s −1 typically for ∼ kpc structures, Valageas, Schaeffer, & Silk 2002) would result in lower temperatures. Given the lack of information to resolve the mechanisms contributing towards line broadening, the temperature estimate can be considered as an upper limit. At T = 2 × 10 5 K, if collisional processes are dominating the ionization in the gas, then the total baryon column density in the broad component will be N (H) = 3 × 10 19 cm −2 , assuming CIE fractions (Gnat & Sternberg 2007) . The total gas content in this shallow and broad H i component thus comes out as an order of magnitude more than the amount of baryons present in the kinematically adjacent photoionized gas phase of the absorber. At T = 2×10 5 K, the column density limit from non-detection of log N (O vi) < 13.3 dex, places an upper limit of [O/H] < −0.8 dex in the collisionally ionized gas.
Hybrid models suggest that for O vi to be a nondetection at T = 2 × 10 5 K, the oxygen abundance in the BLA gas phase has to be [O/H] < −0.7, which is consistent with the corresponding upper limit in the kinemati-
cm −2 and L > 1 kpc. Comments. -Galaxies within 30 arcminutes of projected separation and within |∆v| = 1000 km s −1 of the absorbers. The z values are SDSS spectroscopic redshifts. ∆v correspond to the systemic velocities of the galaxies with respect to the absorber. The error in velocity separation comes from the uncertainty in the spectroscopic redshift. The projected separation ρ was calculated from the angular separation assuming a ΛCDM universe with parameters of H 0 = 69.6 km s −1 Mpc −1 , Ωm = 0.286, Ω Λ = 0.714 (Bennett et al. 2014) . The galaxy absolute magnitudes were calculated using the distance modulus expression, with the luminosity distances estimated for each z gal for a ΛCDM universe (Wright 2006) . Appropriate K corrections were applied using the analytical expression given by Chilingarian et al. (2010) . The Schechter absolute magnitude M * g = −21.237 for z = 0.4 was taken from Ilbert et al. (2005) . The distribution of galaxies near the z = 0.41614 absorber is shown in Figure 9 .
GALAXIES NEAR THE ABSORBER
The SBS0957+599 sightline is in the SDSS footprint. We searched the DR12 SDSS database for galaxies close to the absorbers. Within |∆v| = 1000 km s −1 velocity separation and 30 ′ × 30 ′ (∼ 10 Mpc) projected separation of the z = 0.41614 absorber are seven galaxies with SDSS spectroscopic redshifts. The galaxy distribution at the location of the absorber is shown in Figure 9 and their information summarized in Table 4. SDSS is sampling only the brightest galaxies at z ∼ 0.4, as evident from the > 2 L * luminosities we estimate for all the galaxies in Table 4 . The survey's 90% spectroscopic completeness limit of r < 17.8 (Strauss et al. 2002) corresponds to 3 L * at z ∼ 0.4 (Ilbert et al. 2005) . The nearest galaxy seen by SDSS is at a projected separation of 1.2 Mpc from the absorber. This 2.8 L * galaxy has an extended morphology and an emission line spectrum. The flux at Hα is f Hα = 14.3 × 10 −17 erg cm −2 s −1 . Using the conversion factor given by Kennicutt et al. (1994) , we estimate a star formation rate of SFR(Hα) = 0.7 M⊙ yr −1 , typical of normal galaxies. The scaling relation Rvir = 250 (L/L * ) 0.2 kpc given by Prochaska et al. (2011b) yields a virial radius of Rvir ∼ 310 kpc for this galaxy. The separation of the galaxy from the line of sight is a factor of ∼ 4 larger than this. Given this wide separation and the low SFR, it is unlikely that the absorber has an origin in gas bound to this galaxy.
The impact parameters of the other galaxies range from ∼ 3 − 10 Mpc. Because of the incompleteness of the galaxy sample for sub-L * luminosities, and the small number of galaxies identified with redshifts similar to that of the absorber, we do not adopt any standard algorithm to formally define a galaxy group in this region. However, we note that the four galaxies within |∆v| < 500 km s −1 of the absorber have a narrow velocity dispersion of ∼ 59 km s −1 and an average velocity of ∼ −342 km s −1 with reference to the absorber. Such offsets in velocity, also seen between several warm absorbers and galaxy groups studied by Stocke et al. (2014) , could be related to the general kinematic nature of warm gas near galaxy groups.
Including the photometric redshifts from the SDSS reveals four additional galaxies within ρ = 5 Mpc projected distance of the absorber, with the nearest galaxy at ∼ 1.9 Mpc. The errors associated with the photometric redshifts are δz/z ∼ 0.03 − 0.3, which allow for uncertainties of ∼ 10 3 − 10 4 km s −1 in the systemic velocities of these galaxies. Spectroscopic observations of these galaxies can yield more detail on this absorber environment. In any case, the preponderance of galaxies suggests that the environment could be one of galaxy groups, with the absorption tracing gas near to 1 Mpc of the galaxies revealed by SDSS.
Two of the galaxies from the above sample are within ∆v = 1000 km s −1 of the z = 0.41950 absorber as well, but again at significantly large impact parameters of > 2 Mpc (see Table 4 ). The galaxy nearest in impact parameter shows an emission line dominated spectrum with f Hα = 131.1 × 10 −17 erg cm −2 s −1 . The corresponding SFR(Hα) = 6.7 M⊙ yr −1 (Kennicutt et al. 1994) indicate that the galaxy has a moderate star-formation rate. Given the velocity offsets between the absorber and the galaxies and the large impact parameters, the likelihood of the line of sight tracing the gaseous envelope of either galaxy is negligible. We note that there are three more galaxies with photometric redshifts within 500 km s −1 and ρ < 5 Mpc of the absorber. The nearest of these galaxies is at 2.2 Mpc impact parameter. However, the photometric redshift errors signficiantly extend the uncertainty in the velocity offset of these galaxies with the absorber.
ON THE ORIGIN OF THE ABSORBERS
Having information on the size of O vi absorbing regions can help in the physical interpretation of individual absorption systems, whether the O vi is tracing virialized galactic scale structures or intergalactic gas. Surveys that explore the as- Figure 9 . The distribution of galaxies with SDSS spectroscopic redshifts that place them within |∆v| = 1000 km s −1 and 30 arcminute from the z = 0.41614 absorber. The "+" sign corresponds to the line of sight towards the background quasar. The two concentric dashed circles indicate uniform projected separations of 1 Mpc and 5 Mpc respectively from the line of sight. Further information on these galaxies is given in Table 4 . The multiphase absorber seems to be residing in a galaxy group environment. sociation between galaxies and absorbers find a wide spatial distribution for O vi around galaxies compared to low ionization metal lines (Prochaska et al. 2011b; Tumlinson et al. 2011a; Stocke et al. 2014 ). An ionization model independent estimate on the size of the warm O vi halo around a galaxy was obtained by Muzahid (2014) . Using two closely separated lines-of-sight, Muzahid (2014) estimated a coherence length of ∼ 280 kpc for the O vi absorption from the circumgalactic medium of a ∼ 1.2 L * galaxy, consistent with the emerging view that sub-L * and brighter galaxies can have covering fractions of nearly unity for O vi out to their halo virial radii (e.g., Prochaska et al. 2011b) .
In regions where multiple galaxies are present, there is an enhancement in the covering fraction of O vi, with detections extending out to impact parameters which are as much as ∼ 3 times the halo virial radii of the nearest galaxies (Johnson et al. 2015; Mathes et al. 2014) . Interestingly, such an enhancement is not found for the cooler (T ∼ 10 4 K), dense (n H ∼ 10 −3 cm −3 ) gas probed by C ii, Si ii, Mg ii and similar low ionization potential lines, suggesting that these could be parsec-scale clouds embedded within a much extended warm halo (Ford et al. 2014; Muzahid 2014) . This environmental dependence is reflected in the absorbers discussed here. The z = 0.41614 absorber, with its mix of low and high ionization gas, is residing within a few Mpc of an overdense region of space where the spread of warm O vi is likely to be wider than halo sizes. Moreover, galaxy interactions, ram-pressure stripping and similar environmental effects are pathways by which low ionization ISM can also be dragged to large separations from galaxies. In the z = 0.41950 absorber, we find evidence only for high ionization gas, which is consistent with the relatively low density of luminous galaxies close to the line of sight.
The galaxies identified by SDSS are more than 1 Mpc distant from either absorber. As the z = 0.41614 absorber is a partial Lyman limit system with log N (H i) ∼ 16.6 dex, one may wonder whether the magnitude limited observations of SDSS have missed sub-L * sources closer to this absorber. This remains a distinct possibility in the light of several absorber/galaxy studies which find that O vi bearing gas can be seen near (ρ 800 kpc) many L 0.1 L * galaxies Prochaska et al. 2011b) . Prochaska et al. (2011b) conclude that the circumgalactic environments of sub-L * galaxies (0.1L * < L < L * ) could be predominantly responsible for relatively strong O vi systems with Wr(1032) > 30 mÅ. At the same time, evidence seems to also suggest that the virialized halos of very faint dwarf galaxies (L 0.01 L * ) may have a lesser role to play in the incidence of O vi absorbers (Tumlinson & Fang 2005; Prochaska et al. 2011b; Mathes et al. 2014) . For example, from studying a sample of 14 galaxies that lie within ρ ∼ 3 Rvir of background quasars, Mathes et al. (2014) find a significantly lower frequency of O vi detections around low mass halos (∼ 10 11.5 M⊙), suggesting a fairly large escape fraction of ∼ 90% for halo gas, compared to a modest ∼ 35% from high mass halos (Mathes et al. 2014 ). Thus, low mass galaxies may not retain much of O vi bearing outflows. Since the SDSS has only found the brightest galaxies ( 2 L * ) near the absorber, there remains the possibility that the z = 0.41614 O vi -partial Lyman limit absorber could be dynamically linked to the halo of an undetected sub-L * galaxy closer to the absorber.
Galaxy feedback mechanisms such as correlated supernova driven winds and AGN outflows can influence the temperature and the chemical composition of halos (Veilleux et al. 2005) . At low-z, starforming galaxies are known to have more warm O vi in their halos than passive galaxies, implying that the O vi can be a direct result of gas shocked by supernova ejecta (Tumlinson et al. 2011a) . At higher redshifts (z ∼ 3) also, many strong O vi absorbers (log N (O vi) 14.5) are found to have velocities, densities and temperatures consistent with outflows (Lehner et al. 2014) . For lines of sight probing active outflows or winds close to the galaxy, the velocity extents of absorption features are generally broad (∆v 400 km s −1 ) and kinematically complex (Heckman et al. 2001; Grimes et al. 2009; Tripp et al. 2011; Tumlinson et al. 2011a; Muzahid 2014 ). This is not the case for either of our O vi absorbers. The sub-solar metallicity which we obtain for the low and high ionization gas phases is also not usually found in metal rich outflows (Muzahid 2014) . Thus, there is no definitive evidence for the absorbers discussed in this paper being directly associated with a galactic-scale wind. These warm absorbers can be tracers of ancient outflows (wind age > 1 Gyr) which, as the simulations of Ford et al. (2014) suggest, can end up diffusely distributed at galactocentric distances of d 500 kpc where absorption from the ambient IGM also dominates. With the limited SDSS sampling of galaxies discussed in this paper, it is difficult to distinguish an outflow generated O vi from the several other possible scenarios that can give rise to warm O vi in galaxy halos (see Heckman et al. 2002; Sembach et al. 2003; Maller & Bullock 2004; Tripp et al. 2008) .
Based on models of structure formation, it has been hypothesized that galaxy groups can have intragroup gas at T ∼ 10 5 − 10 6 K, temperatures too low to discrimate their emission from the soft X-ray background (Mulchaey et al. 1996) . Presently, such a medium can be probed only through high ionization absorption lines such as O vi, Ne viii and thermally-broadened Ly α against the light from background QSOs. It is important to explore this gas reservoir, as it potentially harbours as much as ∼ 4% of the total baryons in the low-z universe, on a par with the fraction of baryons trapped inside galaxies (Savage et al. 2014) . A recent example is given by Stocke et al. (2014) whose sample of BLA -O vi warm absorbers is morely likely to be from intragroup gas than individual galaxy halos. The warm O vi is hypothesized to arise in conductive interface layers between cold T 3 × 10 4 K clouds and a hitherto undetected diffuse T ∼ 10 6.5 K intragroup medium. Hydrodynamic simulations also predict that a substantial fraction of baryons are to be found along large scale filaments connecting galaxy overdensity regions. In Narayanan et al. (2011) , a BLA -O vi absorber is identified as tracing T ∼ 1.4 × 10 5 K intergalactic gas along a nearby (vHELIO = 3081 km s −1 ) galaxy filament, with several loose groups of galaxies beyond ρ ∼ 1.5 Mpc of projected separation. Another example of baryonic reservoirs along galaxy filaments is given by Wakker et al. (2015) . About 85% of the Ly α systems from their sample of 15 absorbers, which includes BLAs, appear to be tracing intergalactic filament gas that lies far outside of the virial radii of the nearest galaxies that trace the filament. Along similar lines, Tejos et al. (2016) find a ∼ 4−7 times higher covering fraction for BLAs near galaxy overdensities, compared to random fields. In that study also the warm gas was identified as being away from individual galaxy halos, but possibly along cluster filaments.
The absorbers studied here are also consistent with an intragroup origin or gas associated with a much larger galaxy filament. The O vi and the associated BLA in the z = 0.41614 system can be produced by collisional process at the interface layers between the photoionized gas phase and a hot exterior medium. In the case of the z = 0.41614 system, the photoionized gas could be recycled material from earlier epochs of galaxy outflows or interactions within the group environment, as proposed for metal rich ([X/H] −0.3) Lyman limit systems . The O vi in the z = 0.41950 system is likely produced in a low density medium that is predominantly photoionized. However, even in this latter case, the BLA could be transition temperature plasma, with metallicity so low to have little O vi.
SUMMARY & CONCLUSIONS
In this paper, we have analyzed the physical conditions in two intervening multiphase O vi absorbers at z = 0.41614 and z = 0.41950, separated from each other by ∆v = 710 km s −1 . Both absorbers are detected in the COS spectrum of the background quasar SBS 0957 + 599 and they show clear evidence for the presence of gas with T ∼ 7 × 10 5 K and T 2 × 10 5 K respectively. Our main conclusions are : (iv) The BLA in the z = 0.41950 absorber has a b(H i) = 58 ± 6 km s −1 suggesting T = (1.7 − 2.5) × 10 5 K for pure thermal broadening. The temperature supports collisonal ionization in gas with baryonic column densities of N (H) 3 × 10 19 cm −2 . The oxygen abundance in this warm gas phase is constrained (from the non-detection of coincident O vi) to [O/H] < −0.8 dex, if collisions are dominating the ionization in this medium.
(v) The SDSS database shows four spectroscopically confirmed galaxies with L 2L * within 30 arcminute and |∆v| = 500 km s −1 velocity of the z = 0.41614 absorber. At the redshift of the absorber, the SDSS is 90% complete for L 3L * . The nearest galaxy is at a projected separation of 1.2 Mpc. The narrow velocity dispersion of ∼ 59 km s −1 between the four galaxies indicate that the absorber is tracing gas associated with a galaxy overdensity environment. There are three additional spectroscopically confirmed galaxies within 1000 km s −1 of this absorber. The nearest luminous source to the z = 0.41950 absorber is a moderately star-forming disk galaxy whose systemic redshift places it at 235 km s −1 and 2.3 Mpc impact parameter. Both O vi absorbers are possibly tracing out multi-phase intragroup gas, or the gaseous envelope of a closer-by sub-L * galaxy undetected by the SDSS.
(vi) Analysis of the two absorbers highlights the diverse ionization conditions as well as the physical environment in which O vi absorption arises. The metal species cannot be used as a blind tracer of T ∼ 10 5 − 10 6 K gas. In multiphase absorbers such as those presented here, the O vi data has to be interpreted in the light of additional information from thermally broad Ly α or more highly ionized species like Ne viii or Mg x to discriminate between photoionization and collisional ionization processes.
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